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F()rtiv:tricly  () fiI]l[igc  proccssi]]g  l:isks,  s\lctlas  biological vision modcting,  slcrcorangc  finding,
pat[crn recognition, and progressive transmission oi’con~prcssc(i  images, it is desirable to have
image data available al varying resolutions to incrcasc  processing s~cd and cffrcicncy.  The user
cm then obtain a frame of data at [hc 10WCS1 rcsolu[ion  ncccssary  for the task at hand and eliminate
unnecessary processing steps. Mullircsolu(ion  image data is usually gcncratcd through an image
pyrmiciapp  roach implcmcntcdi  nsoftwarc. Typically cachimagclcvcl  inthcpyrarnidis  a low-
pass fillcrcd  anti ciown samplcci  version of the prior lCVCJ,  although block averaging and down
sarllplir~g  caI~:ilso  bctlscd  togcI~cratc  li~c[Jyrar]li(i. Construction ofthcmul(ircsolution  pyramidis
oflcn the most computat  ionall y inlcnsivc  and lirm consuming portion of the image processing task
(e.g. hm(irccis  01 millisccomis  for a 512 x 512 irnagc).

In [ilis  work, a novel CM(X  active pixel sensor (A}%) array lhat  can bc rca(i out at any uscr-
(icfinui resolution is cicscribc(i.  Rather tim bu ilci up mi store an cnt irc image pyramid and then
choose the correct rcsoiulion, the imagcr itself is read out al the cicsircci resolution utili?,ing block
averaging. At each resolution ICSS than tile  highest (rca(iout  of every pixel), a local average of the
pixels is uscci to crcatc  the lower resolution “pixel” value. By combining the progranmablc
win(iowing  capability of AT’S :irrays  with n]ullircsolution  rca(iout,  trcmcn(ious  savings in
processing time can bc rcalixc(i.  For example, a low resolution image (say 64 x 64 out of 512 x
51 ~) C:ln ~ rcaci o~ll  all(i qllickly  proccssc(i  to (ictcrminc  areas of intcrcs[.  ‘1’hc subsequent franc
can then be read out al a much ilighcr  resolution in the specific win(iow which contains the area of
intcrcs[.

llc arcililcclurc  for the mullircsolu[ion  sensor consists of ii 128 x 128 arl ay of active pixels which
arc ran(ioml y acccssc(i  by row an(i CO1 umn dccocicrs,  The mul(i rcsolut  ion rca(iou(  circuit, located at
the botlom  of lhc columns, consists of 3 banks of cap:tcitors  intcrco[mcc[c(i  through a set of
programmable swi[chcs an(i 3 shift  registers which arc used to store the (iigilal  patterns applic(i  to
the switching network, Operation consists of column avct  aging followui  by row averaging. Pixel
signals arc samplc(i  onto ihc f: rst set of capacitors, wilicb arc then appropriately intcrconncctcd
such thal  charge rc(iistributcs to perform signal avcragitlg  of n a(ijaccnl  pixels, where r] is the
horizontal si~,c  (number of columns) of tllc  block average (kernel). ‘1’hc kernel row averages arc
ti]cn samplc(i  onto lhc first capacitor in each n-capacitor block of a row averaging bank of
capacitors. “1’hc process is rcpcatc(i  for each row in the kcmcl  an(i (ilcn  the row averages arc
thcmsclvcs  avcragc(i togcti]cr  [hrough charge rc(iis(ribu(iol  I, resulting in tllc  final block average. III
orcicr  (o pxforrn  corrc]a[c(i  (ioub]c  sampling, two banks of capacitors arc uscci for row averaging:
onc averages ami stores ti]c kcmcl  rcscl  lCVCIS whiic the o[hcr averages aII(i stores the kernel signal
ICvcls.

‘i’hc 12S x 128 mullircsolu[ion  APS IC was in]i>lcmcnlc(i  in a single po]y, (iolrblc metal, 1.2 pm
process. l’hc pixel u(iliz,cs  a phologalc  slruc(urc, mc:isLIrcs 19. ? x 19. ? pn]2, anti i]as  a 30% fill
fi{ctor.  Correlated double sampli]tg  (O suppress pixel kTC noise, I/f noise, and fixcci pat(crn  noise
ciuc to thrcshol(i  vo]lagc  variations im been inlplcmcn[c(i  on-cilip.  ‘1’hc array is cicsignc(i  to bc rcaci
out at a vi(ico frame rate an(i is cxpcc[c(i  to iuwc a ciynmi c range of 75 (i B.
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Read Out Array at Desired Resolution
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. Autonomous Navigation ● Progressive Transmission

● Pattern Recognition of Compresseci  Images

● Target Tracking ● Biological Vision Modeling
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Conceptual Colu[mn  Parallel Approach
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block averaging of kernels followed by seria readout
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Passive Capacitor Implementation
Block Diagram
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Photograph of 128 x 128 APS Array

JPL Specifications and Projeckd
Multiresolution APS Performance
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Array Size: 1 2 8 x 1 2 8

Pixel size: 19.2 ~~m

Process: 1.’2 pm CMOS

Fill factor: 30 %

Programmable Window Size: n rows x m columns

r], m . . 1,...,256 m>~ rI

Frame Rate:

F uII resolution 30 tlz (T f = 33,3ms)

Lower resolution {1,/n + n(slnall  overhead)) 1

e.g. 64 x 64 {33.3ms/4 + 4(8vs)) “’ = 119.7 tlz

Dynamic Range: “75 dB


